RFST AVAILABLE COPY 



(19) 



J 



(12) 



(43) Date of publication: 

22.12.1999 Bulletin 1999/51 



Europaisches Patentamt 
European Patent Office 
Office europeendes brevets £P 0 966 182 A1 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 6 : H05B 33/10, H01 L 51/20 



(21) Application number: 98306730.7 

(22) Date of filing: 21 .08.1 998 



(84) Designated Contracting States: 

ATBECHCYDE DKES Fl FRGBGRIEITU LU 
MCNLPTSE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 17.06.1998 KR 9822756 

(71) Applicant: LG ELECTRONICS INC. 
Seoul (KR) 



(72) Inventors: 

• Kim, Chang Nam 
Chungnang-gu, Seoul (KR) 

• Kim, Sung Tae 
Eungpyung-gu, Seoul (KR) 

• Tak, Yoon Heung 
Yongln-sl, Kyungki-do (KR) 

(74) Representative: 

McLeish, Nicholas Alistalr Maxwell el al 
Bourt WadeTennant 
27 Fumival Street 
London EC4A1PQ(GB) 



(54) Method of fabricating organic electroluminescent display panel 



(57) Disclosed is a method of fabricating an organic 
EL display panel wherein pixelation can be performed 
without resorting to the use of a shadow mask and also 
without active EL elements being exposed to solvents 
from photoresist or developing and stripping solutions. 
The fabrication scheme comprises the steps of: (1) 
forming a first electrode layer and an insulating layer, in 
succession, on a transparent substrate; (2) removing 



said insulating layer in the predefined region by a single 
or a plurality of laser beams; (3) forming organic func- 
tion layers and a second electrode layer, in succession, 
on the predefined surface inclusive of the insulating 
layer; and (4) repeating the steps of (2) and (3) once or 
more. 



FIG.7H 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a novel method of fabricating an organic electroluminescent (hereinafter 
referred to as EL) display panel comprising organic EL elements which emit light when electric charges are injected into 
them. 
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Discussion of the Background Art 



[0002] The technology of organic EL devices, also called organic light emitting diodes (LEDs), has been rapidly 
advancing, and several prototype modules have been successfully demonstrated at exhibitions. Organic EL devices are 

75 extremely thin, matrix-addressable and operable at a relatively low voltage, typically less than 15 volts. Furthermore, 
they have additional features suitable for next generation flat panel displays (FPDs) such as, among other things, little 
dependence on viewing angle and good device-formability on flexible substrates. A major drawback of liquid crystal dis- 
play, currently most well-known display of choice, is that most of them require bright backlighting, which can be easily 
eliminated by the use of an organic EL display. 

20 [0003] Organic LEDs differ fundamentally from conventional inorganic LEDs. While the charge transfer in inorganics 
is band-like in nature and the electron-hole recombination results in the interband emission of light, organic films are 
generally characterized by the low-mobility activated hopping transport and the emission is excitonic. Organic EL 
devices are also substantially different from conventional inorganic EL devices, especially in that organic EL devices are 
operable at low DC voltages. 

25 [0004] A substantial amount of research has been directed towards the efficiency improvement and color control of 
organic LEDs. The efficiency of organic EL devices has now been demonstrated to be certainly adequate for many 
commercial applications. Moreover, color control is probably not limiting for most potential applications. In light of this, 
we believe that the outlook for commercial applications is excellent for organic EL devices. The performance of the 
organic EL devices is quite satisfactory for many applications. It is valuable to think in terms of specific products and 
manufacturing techniques for the commercialization of organic EL devices. Consideration of the specific applications 
leads us to believe that more work on manufacturability, uniformity, reliability, and systems issues is required to com- 
mercialize organic EL 

[0005] The simplest way to drive an organic EL panel is to have organic function layers sandwiched between two sets 
of orthogonal electrodes, i.e. rows and columns (Fig. 1). In this passive addressing scheme, the EL element serves both 
the display and switching functions. The diode-like nonlinear current-voltage characteristic of the organic EL element 
should, in principle, permit a high degree of multiplexing in this mode of addressing. 
[0006] Pixelation or patterning, especially of electroluminescent and second electrode materials, is one of the key 
issues to be resolved before the commercialization of organic EL devices. The use of many conventional pixelation 
techniques is precluded due to the nature of organic materials which are extremely vulnerable to the attack by most sol- 
40 vents. 

[0007] The simplest patterning method is probably to use a shadow mask. As shown in Figs. 1 and 2, the pixelation 
of organic EL display panel can be accomplished by depositing second electrode material(s) 4 through the openings of 
a shadow mask 5 onto organic function layers 3 which are, in turn, laminated on a plurality of first electrode stripes 2 
Said first electrode stripes 2 are generally formed by patterning a layer of indium tin oxide (TO) deposited on a trans- 
45 parent, insulating substrate 1 . 

[0008] The pixelation method using a shadow mask becomes less efficient as the display resolution becomes finer 
One possible solution for a monochrome display is to separate adjacent pixels using electrically insulating ramparts 6 
as suggested in U.S. Patent No. 5,701,055 (Fig. 3). 

[0009] As disclosed in JP Laid Open Patent No. H8-315981 (Figs. 4a - 4d), the use of additional shadow masks may 
be required for the construction of a muiti or full color display: (1 ) putting a shadow mask with a plurality of openings (5- 
1 , 5-2 or 5-3) onto top surfaces of the ramparts 6. and aligning each of said openings to be placed over the gap between 
corresponding ramparts; (2) depositing organic EL medium layers of red (R). green (Q) and blue (B) (4-1 4-2 and 4-3) 
one by one, through said openings; and (3) forming at least one second electrode layer 3 on said ramparts and said 
organic function layers ^ 
[0010] The above method may workfine for a display of moderate resolution and size. As the display size increases 
and the pitch decreases, however, said method reveals limitations: difficulties in making a shadow mask itself and addi- 
tionally in aligning said shadow mask with respect to a substrate. The need to make a pixelation without resorting to 
shadow mask(s) has been, in part, answered by U.S. Patent No 5,693,962 and JP Laid Open Patent No H9-293589 
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[001 1] Figs. 5a - 5c illustrate the fabrication steps of a full color panel as suggested in U.S. Patent No 5 693 962 
Fig. 5a describes the formation process of a first subpixal: (1) patterning a layer of organic or inorganic conductor 
deposited on a transparent substrate 1 1 by conventional lithographic techniques to form a plurality of parallel conduc- 
tive stripes tor the first electrode 12; (2) depositing a layer of dielectric medium 13 on top of said conductive stripes 12 
and the exposed portions of substrate 1 1 ; (3) spin-coating of a photoresist (PR) layer 14-1 and patterning said dielectric 
medium 1 3 by a dry or wet etching technique; (4) laminating an electroluminescent medium 5-1 ; (5) forming a capping 
layer 1 7-1 of the sub^xel by depositing an air-stable metal on top of said electroluminescent medium; and (6) removing 
the PR layer 14-1 and those on said PR layer by lift-off. Acetone a a stripping solution is often used for lift-off It is irrpor- 
tant to note that said electroluminescent medium can be exposed, through said capping layer, to said solvents during 
said lift-off process. The device degradation due to said exposure is not surprising, given the relatively poor adhesion 
between an organic material and a metal used as a capping layer. As shown in Figs. 5b and 5c. second and third sub- 
pixels can be fabricated by the same token. 

[001 2] Figs. 6a - 6j describe the processes of forming R. Q. B sub-pixels as published in Japanese Laid Open Patent 
No. H9-293589: (1) forming a first electrode layer 22 on a transparent substrate 21. followed by the lamination of an 
electroluminescent medium (R) 23. a second electrode 24. and a protection layer 25; (2) spin-casting of photoresist 
(PR) 26 and subsequent patterning of red sub-pixels; and (3) repeating the above steps to form green and blue sub- 
pixels. Dunng the above processing steps, active display elements are substantially exposed to PR, which is detrimen- 
tal to device performance because of solvents remaining in PR. For rough evaluation of adverse effects of photoresist 
it is necessary to understand a typical photolithographic process: spin-casting of a photoresist solution on the substrate' 
soft-baking and exposure to an ultraviolet ray. developing, and hard-baking. In the background art under discussion the 
panel is thereafter supposed to be subjected to etching and then PR stripping which again needs stripping solution(s) 
Dunng spin-casting, active EL elements are already exposed to solvents from the photoresist in a liquid phase 
[0013] In short, background methods described above have a serious drawback. Active EL elements are inevitably 
„ to vanous sf e "* from photoresist or developing and stripping solutions. Said solvents are extremely harmful 

25 to electroluminescent medium, and adversely affects the device performance. 

SUMMARY OF THE INVFNTION 
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[0014] Accordingly, the present invention is directed to a novel method of fabricating an organic electroluminescent 
display panel that addresses one or more of the problems due to limitations and disadvantages of the related art 
[0015 An object of the present invention is to provide a method of fabricating an organic EL display panel wherein 
pixelation can be performed without resorting to the use of a shadow mask and also without active EL elements beino 
exposed to solvents from photoresist or developing and stripping solutions. 9 
[0 ?! 6 „ ] Additional fea !" res and advantages of the invention will be set forth in the description which follows, and in part 
will t» apparent from the description, or may be learned by practice of the invention. The objectives and other advan- 

211 IT** 0 !! feali2ed 31X1 attained * the StruCture Pearly Pointed out in the written description and 
claims hereof as well as the appended drawings 

[0017] In one aspect the present invention provides a method of fabricating an organic electroluminescent (EL) dis- 
„ play ^"l**™ 9 "1* ft™*' 0 " 'avers including at least one organic EL medium layer laminated between first and 
40 second electrodes comprises the step of pixelation by a single or a plurality of laser beams 

[0018] In another aspect of the present invention, there is provided a method of fabricating an organic EL disolav 
paneUompnsing the steps of: (1) forming a first electrode layer, organic function layers including at least one organic 
Lh^S Si!? f SeC °^ eleCtr0d ! teyer in successi °n on a transparent substrate; and (2) removing, selectively. 
« ™ . ^ 0r9an ' C ftjnCt ' 0n lay8IB in the P"* 6 "™* r egion by a single or a plurality of laser beams 

45 [0019] In additional aspect of the present invention, there is provided a method of fabricating an organic ELdSS 

^^^^ 01 : ^ ?^ 8 firSt 9leCtr0de layer "* insulatin fl in ««*«*0" on a transpaTeS 

organic fonrton layera ard a second electrode layer, in succession, on the predefined surface inclusive of toe InsdaS 
layer ; and (4) repeating the steps of (2) and (3) at least once. ^ 
so [0020] InformeraspectofthepresertirM^^^^ EL display oanel 

onjm the steps of: (1) forming a first e.ectrode layer and an insulating layer in sucLsfor^n a SnSSS 
strate; (2) removing sad insulating film in the predefined region by a single or a plurality of laser beams^3) tormina 

S ^^Jf 8 ?' 8 88C0nd 6ieCtrDde layer and 8 protection in succession, on the predeSdluSS 
sive of the insulating layer; and (4) repeating the steps of (2) and (3) once or more sunaceinciu 

55 l^i, * «|° oa und * st °o a ' tf wt both the foregoing general description and the following detailed description are 
exemplary and explanatory and are intended to provide further explanation of the invention as claimed 
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BRIEF DESCRIPTION OF T HE DRAWINGS 

[0022] The accorrpanying drawings, which are included to provide further understanding of the invention and are 
incorporated in and constitute a part of this specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 
[0023] In the drawings: 

Fig. 1 illustrates a plan view of a typical passive addressing organic EL display panel; 

Fig. 2 is a cross-sectional view showing the process of patterning the second electrode using a shadow mask; 

Fig. 3 is a sectional view illustrating the process of pixelation using insulating ramparts; 

Figs. 4a~4d, 5a~5c and 6a~6j illustrate sectional views showing the fabricating steps of background methods; 

Figs. 7a~7h illustrate sections showing the steps of fabricating an organic EL display panel in accordance with the 
first embodiment of the present invention; 

Figs. 8a~8k illustrate sections showing the steps of fabricating an organic EL display panel in accordance with the 
20 second embodiment of the present invention; 

Fig, 9 illustrates an exemplary laser-beam etching system in accordance with an embodiment of the present inven- 
tion; and. 

25 SJ^l^If^ SXemp,ary pr0cess of tha 'aser-beam etching using a mask in accortance with an embodi- 
merit of the present invention. 

DETAILED DESCRIPTION OF thf EBEEEBBE B EMBODIMENT . 

are illustrated ,n me accompanying drawings. For the fabrication of an organic EL display panel with a plurality of en«- 
by employing a laser-beam etching method, by not using a shadow mask for pixelation. and also by preventino active 

ZSTJtZT T2£ • 01 R(red)> Q(Qfeen) and B(8lue > sub ^» els ' for «-y a sinje seTc? R G 

and B sub-pixels is illustrated in the accompanying drawings. *^ au 

i^ 5 L^!!~!!!j!!l! 8lra,e Sectional yiews 8howin 9 *• «* fabricating an organic EL display panel in accord- 
ance with the first embodiment of the present invention. Referring to Rg. 7a. the fabrication processes s^wim 
the stripes cj first elecfrodes 102 by photol«hographicaily patterning a transparent^ 555rtSS SZSt 
(TO) deposited on a transparent substrate 101. and forming the stripes of an electrically insuring buffer toy* m iS 
o^cflond retetonship to said stripes of first electrodes 102. Said buffer layer 1 03, being notiuUescS, serv* £ 

SSSS^SS! l °r rin9 1 the ChanCe *«« el6Ctr0des 102 to be ^Lopically sJo^YcS to 

seccxidelectnxlesthatareto be formed ma later step. Said buffer layer 103 can be formed by depositing preferably an 
inorganic compound such as silicon oxide or silicon nitride or a polymeric material such as polyiS b^CrSSos"." 
tion. e-beam evaporation. RF sputtering, chemical vapor deposition (CVD) spin coatino dtarine T Dr 
electro- or electroless plating, or screen printing method 9 ' dipp, " a Dr method - 

l^lo^^T^l^ 30 ,ayef 104 fe formed on *• P reo ««"ed surface inclusive of said buffer 

XSS toSfcS SITT to ttj portion - 881(1 insula,in9 layer 104 wherein red «■*! 

suo-pixeis are to be formed in the next step. The material for said insulating layer 104 needs to have a consider^ 

EiT Thi n^KST* ^ P " 0toreSiS, • ""' iS P reterab * «° a thickness S 0. 1 - Too ^ 
SSL in^t,^^ t ^ e ^T 66 " bac *" ound ^ and the embodiment lies in the feet that (1)7. 
processioning a photoresist is performed before the lamination of any electroluminescent medium andfcl her JhVo 
the photoresist used can be hard-baked at a high enough temperature for a lono enoS fim^ ™i™ ' 

.S^ne^^ 

[0028] In the next step, the part of the ITO-coated substrate wherein sub^ixels are to be formed is optionally treated 
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with oxygen plasma or UV/ozone. As shown in Fig. 7c. next, the first organic function layers 105a (for example red light 
emitting) and a second electrode layer 106a are deposited, in succession, on the predefined surface inclusive of the 
insulting film 104. A typical example of organic function layers 105a is: (1) a buffer layer of copper phthalocyanine 
(CuPc) typically 10nm - 20nm thick. (2) a hole transporting layer of N.N^tohenyl-N.N-bis<3-methytohenyl).(l 1 '-biphe- 

^Y^T^^TT^'^:^ thk * and (3) an 9rmn ° 01 ^(8-hydroxy-quinolate)aluminum 
(Akb) 40nm ~ 60nm thick, doped with DCM 2 for the red emission. The second electrode 106a is typically formed of 
any one selected from Al. Ca. Mg.Ag, and AI:Li. 

[0029] Next (Rg. 7d). another portion of said insulating layer 104 is etched out with a laser beam. Following an 
optional surface treatment, the second organic function layers 105b (for example, green light emitting) and a second 
electrode layer 106b are deposited (Rg. 7e). A typical green light emitting EL medium is coumarin 6 doped Alq 3 
[0030] Rgs. 7f and 7g illustrate the repetition of a sub-pixel formation for the third color, blue in this instance BAIq, 
doped with perylene is an example of blue emitting EL medium. To ensure the electrical insulation between two adja- 
cent sub-pixels, it is appropriate to cut into two parts, using a laser-beam, the organic function layers and second elec- 
trode layers formed on top of an insulating layer 104 between two adjacent sub-pixels (Rg. 7h). Next the panel is 
covered with a protection layer 107 to prevent primarily moisture from penetrating into active EL elements and is con- 
sequently subjected to an encapsulation process Said protection layer 107 may contain one or a mixture' of moisture 
absoibing ingredients in it The formation of a protection layer may be performed prior to the laser scribing 
[0031] Figs. 8a~8k illustrate sections showing the steps of fabricating an organic EL display panel in accordance with 
he second embodiment of the present invention, which is exactly the same as the first embodiment except that a pro- 
tection fOm is coated on top of a sub-pixel every time said suthpixel is formed. The first and second sub-pixels are 

^!^T^ r(rteCti0n laye ? 1078 and 1076 before me formation * me 8econd «* third sub-pixels, respectively (Figs 
^ aprotecton "ayer 107c is additionally coated after the formation of the third sub-pixel (Rg. 8j) Since said 

vents dur.ng the subsequent process steps, the long-term stability should improve and, furthermore, more freedom in 
25 £e process design can be gained. Said inner protection layers 107a. 107b and 107c remain under the outermost pro- 
tection layer I07d even after the completion of device fabrication. Therefore, it is highly recommended for said inner p Z 
taction layers to contain one or a mixture of moisture absorbing ingredients in them 

[0032J The beauty of this lies in the simplicity of a sequence of sut^pixel formation steps, i.e the repetition of the laser- 

so sssSsST n el e,emems - The detai,s - ,aser - beam ,echniques ptocsss 

[0033] In order toprevrent degradation of active display elements during the etching process, the panel under process 
ih^t^ahivw located either ,n vacuum or in a dry or inert atmosphere while the laser beam generator may be operated 
in the atmosphere. The laser beam is guided into a vacuum chamber or a glove box filled with an inert gas through a 

Z?™J,7 ng J abSOrpti0n of the ,aser beam - De P endi "9 °" *t system design, either the laser beam is 
scanned (Fig 9), or the moving stage with a panel mounted on it moves as programmed, generally the former method 
being less suitable for applications requiring such an accurate position control al in me p^ 
stage may have encoders or sensors attached for a feedback control, ft has been found useful that optical and electrical 
properties of ITO can be used for the feedback control of positioning 

!^ JILT^T^ ^ P ! r r aVelen9th 8h0uW be ***** «™idering Physical and chemical properties of 
t0 be e,ch h ed - « most '"POrtant factor is the absorption cross-section as a function of wave- 

length. The lasers much used for etching metals and organic materials are a frequency doubled Nd YAG laser with a 
flr !!" !T a T and m aXCimer ,aSer in uHraviolet - ,n *»e Present invention, the laser is preferably operated in a pulse 
mode ratter ttan a continuous mode which may cause a thermal damage to the device. The laser power and pulse rep- 
etition rate should be optimized to ablate the second electrode layer and organic function layers but not to damaoe me 
first electrode. A list of lasers usable in the present invention is as follows: 9 
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Nd:YAG 




1.06 








0.53 


Frequency 


Er:YAG 




2.9 




Ho:YAG 
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Excimer laser 


F 2 


0.16 
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(continued) 
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gas 


wavelengthf 
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KrF 


0.25 






XeCI 


0.31 






XeF 


0.35 




Ar Ion laser 


Ar 


0.52 




N2 laser 


N 2 


0.34 
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[00 *5 ] Depending on the process design, the laser beam may be directed into the panel from the first electrode side 
or from the second electrode side. ITO. a typical first electrode material, apparently does not have a large absorption 
cross-secbon at 0.53 nm. and thus a frequency doubled Nd:YAQ laser may be irradiated from the TO side to etch 
organic function layers and the second electrode. Etching rates of certain materials may be enhanced if a single or a 
plurality of appropriate reactive gases are introduced together with the laser beam. The shape and size of a laser beam 
spot may be adjusted as necessary. In addition, a plurality of sub-pixels may be etched simultaneously with the use of 
aproperly designedetof»ng mask, as shown in Fig. 10. Irradiating a large area at a time would require a laser system 
with a large beam spot and a high power. 7 
[0036] The method of fabricating an organic EL display panel has the following advantages 
[ °™? J'™""* ^Production yield is significantly raised because a simple and fast laser processing method is 
employed and also because a shadow mask, difficult to make and even more tricky to accurately align with reject o 

l***™* *l«£* f0r me Furthe ™«. *a long-term stabilrty much ta^wlSj 222 

exposure of active EL elements to detrimental solvents and moisture ™n.mizing me 

25 SSS, 10 ^If? in »* various ™0««**<™ and variations can be made in the 

method of fabncating an organic EL display panel of the present invention without departing from the scope of ttie 
invent™. Tta* rts intended that the present invention cover the modifications and variations * Sr«? r ^ 
they come within the scope of the appended claims and their equivalents. provK,ed 

30 Claims 

1. A method of fabricating an organic EL display panel, comprising the steps of: 

2. A method as claimed in claim 1 , wherein said laser beam is operated in a pulse mode. 

3 - J2£5 SK^£2" *■ ,aS6r ^ iS » e P- from 

4. A method as claimed in any of the above claims, wherein at least one reactive gas is flown onto the surface of said 
45 display panel under process along with the laser-beam irradiation, in the step (2). 

5. A method as claimed in any of the above claims, wherein a mask with the predefined pattern is provided between 
a laser source and the display panel under process, in the step (2). M Deiween 

7. A method of fabricating an organic EL display panel, comprising the steps of: 

ss (1) forming a first electrode and an insulating layer, in succession, on a transparent substrate- 

2 remowng. selectively, said insulating layer in the predefined region by a ^le or aS5 of laser beams- 
3) fanning organic function layers including at least one organ* EL inediun? layer and a se«)S elS 
layer, in succession, on the predefined surface inclusive of said insulating layer- and 
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(4) repeating the steps of (2) and (3) once or more. 

8. A method as claimed in claim 7,wherein step (3)comprises: 

forming organic function layers including at least said one organic EL medium layer, said second electrode 
layer, and a protection layer in succession on the predefined surface inclusive of said insulating layer. 

9. A method as claimed in daim 7 or claim 8, further comprising the step of cutting into two parts, using a single or a 
plurality of laser beams, the organic function layers and second electrode layer formed on top of said insulating 
layer between two adjacent 6ub-pixels, after the step (4). 

1 0. A method as claimed in any of claims 7 to 9, wherein a buffer layer is provided between the insulating layer and the 
first electrode. 

1 1 . A method as claimed in daim 10, wherein said buffer layer is formed of an inorganic or organic material with a oood 
insulating property. 

12. A method as daimed in any of claims 7 to 11, wherein said insulating layer is formed of a single or a plurality of 
polymeric materials. K 7 

13. A method as daimed in any of daims 7 to 12, wherein said insulating layer is subjected to a process to eliminate 
solvents and moisture, after the step (1). 

14. A method as claimed in any of claims 7 to 13, wherein said insulating layer has a thickness of 0.1 urn- 100 ^m. 
15 ' 7 10 14 ' " he ™ n 3 Pr0t6CtiOn ,a/er iS fomied °" * e Predeflned of *» 

so n^^ 

17 ' atShere 5 * ^ *" ** (2) * in or in a dry or inert 

35 t^S^^f^ "JF"* e, f tro,uminescent < EL > display panel having organic function layers includ- 
ing at least one organic EL medium layer laminated between first and second electrodes comprises the step of pix- 
elation using a single or a plurality of laser beams. 

19. An organic electroluminescent display panel manufactured by the method as daimed in any of daims 1 to 18. 
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FIG.1 
Background Art 
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FIG.2 
Background Art 
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FIG.4A 
Background Art 
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FIG.4C 
Background Art 
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Background Art 
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FIG.5A 
Background Art 
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FIG.5C 
Background Art 
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FIG.6A 
Background Art 
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FIG.6D 
Background Art 
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FIG.6F 
Background Art 
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FIG.6I 
Background Art 
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FIG.7A 
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FIG.7D 
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